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INTRODUCTION 

Tomatoes (Solanum lycopersicum L.) 

are a high-value horticultural commodity 

essential for national food security due to 

their rich nutritional profile, including vital 

vitamins, minerals, and antioxidants 

(Saloko et al., 2019). While domestic 

demand steadily increases alongside 

population growth, national production 

fluctuates, forcing a continued reliance on 

imports (BPS, 2024). This challenge is 

particularly acute in Banten Province, 

where tomato production plummeted from 

1,190.1 tons in 2021 to just 614.7 tons in 

2023. Constraints on agricultural land 

primarily drive this significant decline, 

driven by urbanization and suboptimal 

cultivation practices, including inefficient 

fertilization and poor selection of planting 

media (Kalsumy & Nihayati, 2018). 

To address land limitations and 

improve crop yield, polybag cultivation 

offers a highly efficient alternative for 

urban and restricted areas. However, its 

success depends heavily on precise nutrient 

management and the selection of optimal 

planting media (Sarjiyah & Istiyanti, 2020). 

Liquid Organic Fertilizer (LOF) derived 

from fermented rice washwater offers a 

sustainable, cost-effective, and nutrient-rich 

solution. Abundant in essential vitamins 

(B1, B3, B6) and microelements, rice wash 

water processed with EM4 and molasses 

has been shown to significantly enhance 

tomato growth and fruit weight when 

applied at optimal concentrations 

(Hasalsyah et al., 2024; Sari & Alfianita, 

2019). 

Furthermore, maximizing LOF 

efficacy requires a planting medium with 

excellent aeration, water retention, and 

organic fertility. Using agricultural waste, 

such as a 1:1:1 combination of soil, manure, 

and carbonized rice hulls, is highly effective 

in supporting nutrient absorption and root 

development in polybag systems (Damanik 

& Setyoni, 2021; Wales et al., 2023). 

Therefore, this study aims to 

determine the optimal combination of 

fermented rice wash water concentration (as 

LOF) and planting media composition to 

maximize the vegetative growth and 
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productivity of tomato plants in polybag 

cultivation. 

RESEARCH METHODOLOGY 

This research was conducted from 

November 2025 to February 2026 at the 

Rooftop Greenhouse of the Agroecology 

Laboratory, Faculty of Agriculture, Sultan 

Ageng Tirtayasa University, Serang, 

Banten. The materials utilized included 

tomato seeds (Servo F1 variety), rice wash 

water, EM4 solution, palm sugar, topsoil, 

cow manure, and rice husk charcoal. 

The study employed a Randomized 

Complete Block Design (RCBD) with two 

factors and three replications, yielding a 

total of 48 experimental units. The first 

factor was the concentration of rice wash 

water (S), comprising four levels: S0 

(control/water only), S1 (50 mL/L), S2 (100 

mL/L), and S3 (150 mL/L). The second 

factor was the composition of the growing 

media (B), comprising four levels: B0 

(soil), B1 (soil + cow manure at 1:1), B2 

(soil + rice husk charcoal at 1:1), and B3 

(soil + cow manure + rice husk charcoal at 

1:1:1). 

Observational data were processed 

using an Analysis of Variance (ANOVA). If 

the ANOVA indicated a significant or 

highly significant effect, further statistical 

separation of means was conducted using 

Duncan's Multiple Range Test (DMRT) at a 

5% significance level. 

RESULTS AND DISCUSSION 

Plant Height 

Plant height is a primary indicator of 

vegetative growth, reflecting the continuous 

activity of cell division and elongation. The 

vegetative phase is critical in determining 

plant productivity because growth energy is 

prioritized for the development of 

fundamental structures, including roots, 

stems, and leaves (Kurniawati, 2022). 

Table 1. Average plant height (cm) due to the effect of rice wash water and growing media composition 

Plant Age Rice Wash (S) 
Growing Media (B) 

Average 
b0 b1 b2 b3 

2 WAT 

s0 12,67 10,17 10,00 10,50 10,83 

s1 11,50 8,33 10,67 9,67 10,04 

s2 13,33 8,83 10,33 9,67 10,54 

s3 11,50 9,17 10,33 8,83 9,96 

Average 12,25a 9,12b 10,33b 9,67b 10,34 

3 WAT 

s0 23,33 12,83 15,50 17,33 17,25 

s1 22,67 12,83 17,50 13,67 16,67 

s2 20,50 13,83 17,50 21,67 18,38 

s3 21,00 16,50 15,17 11,50 16,04 

Average 21,88a 14,00b 16,42b 16,04b 17,08 

4 WAT 

s0 35ab 17cd 20,5cd 26,67ab 24,79 

s1 34,83ab 17,5cd 33ab 25,5ab 27,71 

s2 35,60a 20,17cd 27,17ab 32,83ab 28,94 

s3 27,17ab 26ab 22,83bc 12,33d 22,08 

Average 33,15 20,17 25,88 24,33 25,88 

5 WAT 

s0 49,67 21,67 26,00 40,33 34,42 

s1 41,00 18,33 52,00 37,33 37,17 

s2 50,67 31,00 39,33 41,33 40,58 

s3 34,67 36,67 30,67 15,67 29,42 

Average 44,00a 26,92b 37ab 33,67ab 35,40 

Note: Numbers followed by the same lowercase letter indicate a non-significant difference based on the 5% 

DMRT 

Statistical analysis indicated that the 

interaction between RWW concentration 

and growing media significantly influenced 

plant height, particularly at 4 weeks after 
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transplanting (WAT). The S2B0 treatment 

(100 mL/L RWW in soil medium) produced 

the highest plant height of 35.60 cm at 4 

WAT and continued to show superior 

growth, reaching 50.67 cm at 5 WAT. This 

suggests that a 100 mL/L concentration 

provides an optimal nutrient threshold that 

synergizes with the soil medium to facilitate 

vertical growth. 

The effectiveness of the S2 treatment 

is attributed to the balanced supply of 

essential macronutrients Nitrogen (N), 

Phosphorus (P), and Potassium (K) inherent 

in rice wash water. Nitrogen is fundamental 

for tissue formation and stem elongation, 

while Phosphorus supports energy 

metabolism and root development. As noted 

by Cutriani et al. (2023), RWW application 

enhances growth by improving root system 

architecture, thereby increasing nutrient 

absorption efficiency. 

Furthermore, the control medium (B0) 

consistently outperformed mixed media 

(B1, B2, B3) in vertical growth. This trend 

suggests that the soil-only medium 

maintained more stable physical and 

chemical conditions. In contrast, media with 

high organic amendments often undergo 

microbial decomposition, which may 

temporarily sequester nutrients for 

microbial use before they become available 

to the plant. A stable soil structure ensures 

balanced aeration and water-holding 

capacity, supporting optimal root 

penetration and nutrient uptake (Posundu & 

Ramli, 2024). Conversely, the S3B3 

treatment recorded the lowest height (12.33 

cm at 4 WAT), indicating that high 

concentrations of RWW combined with 

complex media may lead to suboptimal 

conditions, likely due to incomplete organic 

matter decomposition or nutrient 

imbalances. 

Stem Diameter 

Observations of stem diameter were 

conducted at 2 WAT, 4 WAT, and 6 WAT. 

The stem base reflects cell division and 

enlargement activities influenced by 

nutrient availability and growth hormones 

from the LOF.    

Table 2. Average stem diameter (mm) due to the effect of rice wash water and growing media composition 

Plant Age Rice Wash (S) 
Growing Media (B) 

Average 
b0 b1 b2 b3 

2 WAT 

s0 3,70 3,07 3,00 3,57 3,33 

s1 4,20 2,90 3,50 2,97 3,39 

s2 3,77 2,63 3,37 3,40 3,29 

s3 3,37 3,13 3,03 2,70 3,06 

Average 3,76a 2,93b 3,23b 3,16b 3,27 

3 WAT 

s0 4,17a 3,20 cd 3,33bc 3,83ab 3,63 

s1 4,30a 3,10cd 4,03ab 3,30bc 3,68 

s2 4,03ab 2,80d 3,67ab 3,77ab 3,57 

s3 3,57ab 3,73ab 3,67ab 3,10cd 3,52 

Average 4,02a 3,20c 3,68ab 3,50bc 3,60 

4 WAT 

s0 4,57ab 3,53c 3,47c 4,27ab 3,96 

s1 4,87a 3,20c 4,47ab 3,43c 3,99 

s2 4,33ab 3,40c 3,90bc 4,17ab 3,95 

s3 3,73bc 3,90bc 3,93bc 3,03c 3,65 

Average 4,38a 3,51b 3,94b 3,73b 3,89 

5 WAT 

s0 5,60a 4,30b 4,07b 4,80ab 4,69 

s1 5,13ab 3,43c 4,87ab 3,80bc 4,31 

s2 4,83ab 3,63c 4,17b 4,50ab 4,28 

s3 4,03b 4,27b 4,27b 3,23c 3,95 

Average 4,90 3,91 4,34 4,08 4,31 

Note: Numbers followed by the same lowercase letter indicate a non-significant difference based on the 5% 

DMRT. 
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Based on Table 6, the application of 

rice wash water (RWW) combined with 

specific growing media compositions 

significantly influenced tomato plant stem 

diameter, particularly at 4 Weeks After 

Transplanting (WAT). The combination of 

50 ml/L RWW and soil medium (S1B0) 

produced the largest stem diameter at 4.87 

mm. This value represents the treatment 

group with the most favorable stem growth 

response. While the 5% DMRT (Duncan's 

Multiple Range Test) indicated that S1B0 

was not significantly different from S0B0 or 

S1B2, it numerically outperformed most 

other treatments. In contrast, the smallest 

diameter was recorded in the S3B3 

treatment (3.03 mm), indicating relatively 

inhibited growth. 

 The 50 ml/L concentration in the S1 

treatment is suggested to be the optimal 

threshold for providing essential nutrients 

without inducing nutritional imbalances in 

the growing medium. Rice wash water 

contains vital macronutrients, including 

nitrogen (N), phosphorus (P), and potassium 

(K), which facilitate vegetative growth, 

specifically in the formation of stem and leaf 

tissues. At appropriate concentrations, these 

nutrients are utilized more efficiently by the 

plant, thereby enhancing radial growth 

(Windi et al., 2021). 

 The superior growth observed in the 

B0 (control) medium is attributed to its more 

stable physical, chemical, and biological 

conditions compared to those in mixed 

media. Soil media without excessive organic 

amendments typically maintain a more 

balanced structure regarding aeration, 

porosity, and water-holding capacity, 

thereby supporting optimal root 

development. Robust root systems increase 

the plant's efficiency in absorbing water and 

nutrients (Posundu & Ramli, 2024). 

Consequently, the synergy of adequate 

nutrient availability in S1 and the supportive 

physical properties of B0 resulted in 

enhanced stem diameter. 

 Stem diameter is a growth parameter 

that increases more slowly than plant height 

or leaf count. Santoso et al. (2020) noted that 

height and leaf development are driven by 

primary growth in the apical meristem 

through rapid cell elongation. Conversely, 

stem diameter is determined by secondary 

growth, which involves cambial activity that 

forms woody tissue and thickens the stem 

through a more complex, gradual process of 

cell division and differentiation. Significant 

changes in stem diameter often require 

longer observation periods, as secondary 

tissues form incrementally (Hidayati & 

Prasetyo, 2021). 

Fruit Weight 

Fruit weight per plant is a critical yield 

indicator reflecting the plant's capacity to 

accumulate and allocate photosynthates to 

generative organs. The average fruit weight 

per tomato plant (Solanum lycopersicum L.) 

under varying treatments is presented in 

Table 3. 

Table 3. Average fruit weight per plant (g) due to the effect of rice wash water and growing media composition. 

Rice Wash (S) 
Growing Media (B) 

Average b0 b1 b2 b3 

gram 

s0 139,67ab 44,00cd 79,33bc 17,00cd 70,00 

s1 76,00bc 2,67e 158,00a 42,67cd 69,83 

s2 68,67bc 89,33bc 81,33bc 76,00bc 78,83 

s3 17,00cd 57,33cd 45,33cd 10,67de 32,58 

Average 75,33 48,33 91,00 36,58 62,81 

Note: Numbers followed by the same lowercase letter indicate a non-significant difference based on the 5% 

DMRT. 
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Table 3. shows a significant 

interaction between treatments for fruit 

weight. The S1B2 treatment produced the 

highest fruit weight of 158.00 g, which was 

significantly higher than most other 

combinations. The success of S1B2 is 

attributed to the porous structure of the rice 

husk charcoal in the B2 medium, which 

enhances aeration, drainage, and moisture 

retention. These physical properties allow 

the root system to optimize water and 

nutrient absorption, thereby maximizing 

photosynthesis and allocating 

photosynthate to the fruit. This is consistent 

with Sitinjak and Mulyadi (2021) and 

Fadhillah and Harahap (2020), who 

reported that rice husk charcoal increases 

tomato production and fruit weight. 

Conversely, treatments like S1B1, 

S0B3, and S3B3 yielded lower fruit 

weights, likely due to incomplete organic 

matter decomposition, which limits 

immediate nutrient availability (Damanik & 

Setyorini, 2021). Additionally, 

environmental stressors, such as high 

temperatures (up to 32.5°C) inside the 4th-

floor greenhouse, may have increased 

evapotranspiration rates, further impacting 

optimal fruit development (Marveldani et 

al., 2018). 

Fruit Diameter 

Fruit diameter serves as a vital 

indicator of tomato yield quality, closely 

related to fruit enlargement during the 

generative phase. 

 

Table 4. Average fruit diameter (mm) due to the effect of rice wash water and growing media 

composition 

Rice Wash (S) 

Growing Media (B) 

Average b0 b1 b2 b3 

mm 

s0 30,52 32,08 32,03 17,65 28,07a 

s1 29,64 11,73 27,98 16,58 21,48ab 

s2 32,16 24,54 35,90 27,59 30,05a 

s3 10,41 18,18 20,68 9,60 14,72b 

Average 25,68 21,63 29,15 17,85 23,58 

Note: Numbers followed by the same lowercase letter indicate a non-significant difference based on the 5% 

DMRT 

The largest fruit diameter was 

observed in the S2B2 combination (35.90 

mm), while the smallest was in S3B3 (9.60 

mm). The superior performance of S2B2 

suggests that the 100 ml/L concentration, 

combined with the rice husk charcoal 

medium, provided ideal conditions for fruit 

enlargement. Manure in the medium serves 

as a readily decomposing organic matter 

source, providing necessary nutrients 

(Ramdani et al., 2018). The soil analysis 

confirmed a fertile base with 5.895% 

organic carbon and a neutral pH of 7.0. 

 It is worth noting that the maximum 

diameter achieved (35.90 mm) remained 

below the genetic potential of the Servo 

variety (48.2-51.3 mm). This suggests that 

while treatments were effective, 

environmental variables (temperature, 

humidity, light intensity) and source-sink 

dynamics (photosynthate distribution 

among multiple fruits) constrained the 

maximum achievable size (Asnijar et al., 

2013; Syahputra et al., 2017; Hapsari et al., 

2017). 

Number Of Fruits Per Plant 

The average number of fruits per 

tomato (Solanum lycopersicum L.) plant in 

the rice-washing water treatment and 

growing medium composition is presented 

in Table 9. ANOVA results showed that the 

combination of rice-washing water and 

growing medium composition in S1B2 had 

the greatest effect on increasing the number 
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of tomato fruits. In contrast, the other 

treatments showed no significant effect. 

 
Table 5. Average number of fruits per plant due to the effect of rice wash water and growing media 

composition. 

Rice Wash (S) 

Growing Media (B) 

Average b0 b1 b2 b3 

fruits 

s0 5,67bc 2,33bc 3,33bc 2,00bc 3,33 

s1 3,33bc 0,33d 11,33a 4,33bc 4,83 

s2 3,33bc 5,33bc 6,00b 6,00b 5,17 

s3 1,00bc 3,67bc 2,33bc 0,67cd 1,92 

Average 3,33 2,92 5,75 3,25 3,81 

Note: Numbers followed by the same lowercase letter indicate no significant difference based on the 5% DMRT. 

The S1B2 treatment produced the 

highest yield, averaging 11.33 fruits per 

plant, demonstrating the most significant 

effect among all combinations. The synergy 

between the 50 ml/L rice wash water and the 

soil + husk charcoal medium created an 

optimal environment for generative growth. 

Rice wash water supplies critical P and K 

required for flower formation and 

strengthening the fruit stalk (Sulardi & 

Sany, 2018; Rijal & Arini, 2023). 

Furthermore, the organic compounds in the 

wash water likely stimulated beneficial 

microbial activity in the B2 medium, 

enhancing nutrient mineralization and 

availability (Aini et al., 2023). 

Environmental factors also played a 

critical role; excessively high or humid 

temperatures can trigger flower drop, 

reducing the number of successful fruit sets 

(Afifi et al., 2017; Simamora, 2019). The 

structural benefits of the B2 medium likely 

mitigated some of these environmental 

stressors by maintaining consistent root 

hydration and aeration. 

CONCLUSION AND 

RECOMMENDATIONS 

Based on the research findings, 

several key conclusions can be drawn 

regarding the growth and yield of tomato 

plants. First, the application of rice washing 

water (RWW) at a concentration of 100 

mL/L (S2) produced the optimal result for 

fruit diameter, with an average of 30.05 

mm. Second, the control planting medium 

(B0) demonstrated the most favorable 

impact on vegetative growth, specifically 

for plant height at 2, 3, and 5 weeks after 

transplanting (WAP) with values of 12.25 

cm, 21.88 cm, and 44 cm, respectively, as 

well as for stem diameter at 2, 3, and 4 

WAP. Furthermore, a significant interaction 

between RWW concentration and growing 

media was observed. The combination of 

100 mL/L RWW and control medium 

(S2B0) yielded the highest plant height at 4 

WAP (35.60 cm). In the generative phase, 

the interaction of 50 mL/L RWW combined 

with a soil and rice husk charcoal medium 

(S1B2) provided the most substantial effect, 

achieving a maximum fruit weight of 

158.00 g and a fruit count of 11.33 per plant. 

 Based on the aforementioned 

conclusions, the following 

recommendations are proposed for practical 

application and future research. To optimize 

fruit weight and quantity, it is highly 

recommended to use a planting medium 

composed of soil and rice husk charcoal 

(B2) in combination with a 50 mL/L RWW 

concentration. However, if the primary 

objective is to produce larger fruit 

diameters, a higher concentration of 100 

mL/L RWW is suggested. Additionally, 

further studies should be conducted to 

investigate the influence of RWW 

application frequency (e.g., daily versus 

biennial intervals) and to establish a more 
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precise pattern of nutrient uptake efficiency 

for tomato cultivation. 
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